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cense.Abstract Objectives: Review our experience with 64-MDCTA in diagnosis and management of
patients with acute traumatic injury of thoracic aorta.
Patients and methods: Thirty-ﬁve patients with possible traumatic aortic injury were subjected to
64-MDCTA. Arterial and delayed phases were acquired for chest, abdomen and pelvis. Positive
ﬁndings were encountered in 24 patients, surgical repair done for 7 cases, endovascular repair for
14 cases and follow up for 1 case. Two patients died before intervention. The remaining 11 patients
had no direct signs of ATAI and their follow up was uneventful. All cases planned for EVR were
subjected to conventional aortography as part of the treatment process. MDCTA ﬁndings were
compared with surgical, aortography ﬁndings and clinic-radiologic follow up.
Results: Direct positive MDCTA ﬁndings in 24 cases included pseudoaneurysm (23), transection
(15), intimal tear (12), intimal ﬂap (10), intramural–intraluminal hematoma (1) and active bleeding667623; fax: +966 25664314.
(A.H. Abou-Issa).
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Table 1 The MDCTA ﬁndings in
MDCTA diagnosis*
Pseudoaneurysm
Intimal ﬂap
Transection
Tear
Intramural/intraluminal hematoma@
Active bleeding
* Patients usually have mixed lesions.
@ This patient was subjected to conse
Figure 1 Acute injury of thoracic ao
hematoma (arrows), bilateral hemoth
Patient survived surgical repair.
204 F. Elganayni et al.(3). Mediastinal hematoma as an indirect sign was detected in all cases. MDCTA ﬁndings correlated
well with surgical and aortography ﬁndings.
Conclusion: Stable patients with potential ATAI should be subjected ﬁrst to urgent MDCTA. This
will offer rapid reliable diagnosis, plan intervention and avoid invasive aortography that will be
indicated only if endovascular repair is decided.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Acute traumatic aortic injury is a serious outcome of blunt
chest trauma; the morbidity and mortality are historically
greater than 95% if the injury is left untreated. Approximately
80–90% of all ATAIs are immediately fatal. With improved
detection and treatment, however, patients who initially sur-
vive are more likely to undergo successful treatment. But even
among those who reach the hospital alive and are treated, the
overall mortality remains greater than 30%. This ﬁgure24 cases.
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rvative management (Fig. 3).
rta. (A & B) Axial images at isth
orax and LT ICT. (C) Oblique Memphasizes the necessity of rapid and accurate detection and
triage (1,2).
Ninety percent of thoracic aortic injuries occur in the region
of the aortic isthmus, just distal to the origin of the LSCA. In
rare cases, aortic injuries affect the descending aorta at its dia-
phragmatic hiatus. Thoracic aortic injury involves the ascend-
ing aorta in only 5% of the cases and is associated with grave
complications, such as aortic valve rupture, coronary artery
laceration and hemopericardium with cardiac tamponade.
The mechanism of injury at the aortic isthmus is likely due
to shearing forces during rapid deceleration between the rela-
tively mobile aortic arch and the relatively ﬁxed descending
aorta (3,4).
Imaging evaluation of patients with potential ATAI in-
cludes plain X-ray chest, CT scan and aortography. Other
modalities like MRI, intravascular US and transesophageal
echoaortography are not used routinely in the assessment of
ATAI (5).
1.1. Aim of the study
Show the role of 64-MDCTA in the diagnosis and manage-
ment of patients with ATAI and to demonstrate CT pitfalls
to avoid unnecessary aortography or intervention.mus and proximal DA show disruption, intimal ﬂaps, mediastinal
PCR shows focal bulge, extent of injury and relation to LSCA.
Figure 2 Acute injury of proximal descending thoracic aorta. (A) 3D VR shows pseudodiverticulum of proximal DA with acute inferior
angle. (B) Axial image shows irregular aortic contour, focal disruption and periaortic hematoma (arrows). These ﬁndings help
differentiation from ductus diverticulum which usually has smooth uninterrupted margins and gentle appearing slope inferiorly.
Figure 3 Acute injury of descending thoracic aorta. (A) Axial CT shows intraluminal, intramural, periaortic hematoma (thick arrow)
and intimal ﬂap (thin arrow). (B) Follow up CT after 20 days shows small diverticulum which could be post-traumatic rather than a
preexisting diverticulum.
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This prospective study was conducted in a level 1 trauma
center between October 2008 and October 2011. Thirty-ﬁve
patients in whom ATAI was suspected on clinical and chest
X-ray basis were referred for MDCTA. Mechanism of injury
was MVC (33), fall from height (1) and pedestrian injury (1).
Supine X-ray chest on backboard was done for all the patients.
All patients subjected to MDCTA using 64-dectector scan-
ner (CTV, GE Healthcare). Pan CT technique for polytrauma
patients was used, this includes plain CT for head and cervical
spine and contrast enhanced scan for chest, abdomen and pel-
vis. For patients with suspected ATIA, we did 2 phases; early
phase with peak arterial enhancement to obtain angiographic-
like images and to allow precise localization of bleeding source
if present. A delayed phase 60–70 s after contrast injection was
obtained for better evaluation of non arterial injuries such as
liver, spleen, kidneys, etc.
The arterial phase was done with 64 · 0.6 mm collimation,
rotation time 0.4 s, pitch 1.375, tube voltage 120 kVp, andautomatic mA (tube current modulation). 100–120 ml of non-
ionic iodinated contrast material (Omnipaque or Xenetix
350 mg/ml) was injected by a power injector at 4–5 ml/s through
an 18 gauge cannula. 40–50 ml saline chaser followed contrast
with the same rate. An automatic triggering system (Smartprep,
GE Healthcare) with ROI placed in ascending aorta was initi-
ated 10 s after the start of contrast injection. On reaching a pre-
deﬁned enhancement level (120HU), data acquisition from
thoracic inlet to symphysis pubis starts. Raw data were recon-
structed into 2.5 mm axial, sagittal and coronal images. Curved
multiplanar reconstruction (CMPR) and volume rendering
(VR) were also done. Interactive assessment using cross-linked
images in different planes (axial, sagittal, coronal or oblique),
different format (2D & 3D) and different window settings was
done for all patients to offer precise anatomic details for aorta
and major branches and localize the exact source of contrast
extravasation if present. If EVR is decided, further dimensions
and angles are measured to choose stent size, decide position of
landing zone, LSCA coverage, access side for delivery system
and C-arm angle during procedure.
Figure 4 Severe ATAI in 32 years old male. (A & B) Arterial phase, axial images show transection of DA (arrow in A), periaortic
hematoma, bilateral hemothorax and marked attenuation of aortic lumen (arrow in B). (C & D) are the delayed phase, (C) axial image at
same level of B, (D) coronal reformat. They show extensive aortic dissection (arrows) that extends to the abdominal aorta. Large
periaortic contrast extravasation denotes high rate of bleeding. Patient died before intervention.
206 F. Elganayni et al.The delayed phase was obtained with 64 · 5 mm collima-
tion, started 60–70 s after contrast injection to have better
assessment of organs and degree of contrast extravasation if
present.
3. Results
Thirty-ﬁve patients with clinical or radiographic ﬁndings sug-
gestive of ATAI underwent MDCTA, 24 showed positive di-
rect ﬁndings; they were 23 males and 1 female, their age
ranged from 16 to 62. The cause of trauma was head-on
MVC (27), side impact MVC (6), fall from height (1) and pe-
destrian injury (1). Direct signs for ATAI were pseudoaneu-
rysm (23 cases), transection (15 cases), intimal ﬂaps (10
cases), intimal tear (12 cases), intraluminal/mural thrombus
(1 case) and active contrast extravasation (3 cases) (Table 1).
Intimal ﬂap presented on MDCTA as linear or wavy intra-
luminal ﬁlling defect (Fig. 1), intimal tear appeared as partial
mural interruption with contour irregularity (Fig. 2), pseudo-
aneurysm or pseudodiverticulum appeared as focal irregular
contrast ﬁlled bulge from aorta (Fig. 2), mural and intralumi-
nal thrombus as non-enhancing mural or intraluminal density
(Fig. 3), transection appeared as near complete disruption of
the whole circumference of the aorta (Fig. 4), aortic dissection
which is a rare sequela of trauma appeared as a longitudinal
tear in the aortic wall (Fig. 4), active bleeding appeared as ex-
tra-vascular, peri-aortic contrast leak (Fig. 5). Mediastinal
hematoma appeared as soft tissue density replacing the normal
fat density of the mediastinum, it was considered a secondary
sign or associated ﬁnding, but alone was not considered diag-nostic for aortic injury (Fig. 6). Although all patients were sub-
jected to supine chest X-ray, we relied on MDCTA due to false
positive and negative ﬁndings on chest X-ray. Table 2 shows
the management plan according to CT diagnosis.
Before the introduction of EVR in our institution, surgical
repair was the treatment option; it was done in 7 patients. No
one was subjected to aortography before surgery. The position
of proximal clamp was based on MDCTA reformat. Resection
of the injured segment and the placement of a Dacron graft
was performed through left thoracotomy. All patients survived
the surgery however, 2 died during post-operative care. Oper-
ative ﬁndings correlated well with MDCTA ﬁndings.
Conventional aortography was done in 14 patients for
whom EVR was the treatment option. The aortographic ﬁnd-
ings correlated with the MDCTA ﬁndings in all cases however,
active contrast extravasation was appreciated better on
MDCTA probably due to lower sensitivity of aortography or
due to cessation or decreased rate of bleeding during the inter-
val between MDCTA and aortography (Fig. 5).
Isthmus and adjacent DA were the most common locations
for aortic injuries in our series (21 cases). Isolated descending
aortic lesion was noted in 3 cases.
Among the 11 cases with negative CTA; there were pitfalls
in 5 cases. These included pericardial sleeve in 2 cases (Fig. 7),
thymus density in 1 case, and streak artifacts in 2 patients. In
the remaining 6 cases, there was mediastinal and periaortic
hematoma but direct signs for aortic injury were absent.
(Fig. 6).
Associated injuries in the 24 cases included cranial injury
(12), fracture spine (14), fracture ribs (22), liver (12), spleen
Figure 5 Acute traumatic injury of proximal DA. (A & B) MDCTA shows acute injury of DA with active bleeding (arrow), focal
disruption of aortic wall and irregular contour. Other signs include mediastinal hematoma, bilateral hemothorax and pulmonary
hemorrhage. Patient becomes unstable which mandated urgent EVR. (C) Aortography through RT brachial artery shows extent of aortic
injury however, active bleeding was not appreciated. Stent position is veriﬁed before release (arrows). (D) After deployment, the injured
segment is excluded without evidence of endoleak. Patient’s hemodynamics stabilized after EVR. (E) Axial CT brain shows associated
right frontal intracerebral hemorrhage and subgaleal hematoma. Heparin free EVR was planned to avoid further bleeding.
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and IVC (1).
4. Discussion
Traumatic aortic injuries are time sensitive events, carry a high
mortality rate and are immediately fatal in an estimated
80–90% of all cases. Although the clinical presentation or
mechanism of injury is of primary importance in the prompt
diagnosis of patients with ATAI, the radiologic ﬁndings play
a vital supportive role (3,6,7).
CT scan is the deﬁnitive radiographic study in most patients
with trauma. CT imaging of the head, chest, abdomen and pel-
vis is the most sensitive and accurate noninvasive diagnostic
tool for identifying soft-tissue injury (8,9). However, over reli-
ance on CT imaging can be detrimental if emergent operations
are delayed. One review of patients presenting with hypoten-
sion (systolic BP < 90 mm Hg) and signiﬁcant abdominal in-
jury demonstrated greater mortality if surgery was delayed
by a CT scan (10). We have 2 patients who died before inter-
vention due to unstable hemodynamic state.
CT scanning is replacing aortography as the state-of-the-art
study for imaging mediastinal vascular structures, particularly
the aorta. It is also more sensitive than AP chest radiography
in the detection of pneumothorax, rib fractures, pulmonary
contusion, and hydrothorax. For most patients with trauma,
CT scans of the head, chest, abdomen, and pelvis are sufﬁcientto guide operative and nonoperative management of injuries in
their respective regions of the body (11,12).
As the quality of CT scans continues to increase, the role of
angiography continues to focus to a greater degree on inter-
ventions rather than on diagnosis (13). In most of the centers,
MDCT is now considered the diagnostic modality of choice for
ATAI (14). MDCTA is particularly convenient in patients with
polytrauma who are undergoing other CT scan studies at the
same time. Acquisition parameters and protocols should be
developed locally, based on equipment, physician preference,
and patient condition (7).
ATAI may be diagnosed from CT scans on the basis of di-
rect or indirect signs. Direct signs (e.g., aortic intimal ﬂap, con-
tour abnormality) are more accurate than indirect signs (e.g.,
mediastinal, periaortic hematoma) (7).
In our study; direct signs of ATAI on MDCTA included
pseudoaneurysm in 23 cases, transection in 15 cases, intimal
tear in 12 cases, intraluminal hematoma in one case and inti-
mal ﬂaps in 10 cases. The constant ﬁnding in these cases was
mediastinal hematoma which was considered an indirect sign.
Pseudoaneurysms presented on MDCTA as focal irregular
contrast ﬁlled bulge from the aorta, transection appeared as
near complete disruption of the whole circumference of the
aorta, intimal tear appeared as partial mural interruption with
contour irregularity, intimal ﬂap was linear or wavy intralumi-
nal ﬁlling defect, mural and intraluminal thrombus appeared
as non-enhancing mural or intraluminal density. Mediastinal
Figure 6 RTA victim with mediastinal hemorrhage and possible aortic injury. (A & B) Axial CT in arterial and delayed phases show
periaortic hematoma and contrast extravasation anterior to DA (thin arrows). (C) Sagittal oblique images acquired during interactive
cross linked image analysis conﬁrmed intact outline of aorta and absent direct signs of aortic injury. Block arrow in A & C indicates left
intercostal artery. Patient evolved favorably, follow up CT conﬁrmed absent aortic injury.
Table 2 CT ﬁndings and management plan in 35 cases with
suspected ATAI.
Finding No. Management No.
Negative MDCTA 11 None 11
Positive MDCTA 24 Surgery 7
EVR 14
Follow up 1
Death before intervention 2
Total 35 35
208 F. Elganayni et al.hematoma appeared as soft tissue density replacing the normal
fat density of the mediastinum.
Many diagnostic pitfalls are encountered with the use of
MDCTA in ATAI that may lead to false positive results and
can be due to either anatomic or technical causes. Normal
anatomic structures that may simulate ATAI include normal
pericardial recesses, the left brachiocephalic vein, the left
inferior pulmonary vein, the left superior intercostal vein, the
right atrial appendage, and normal thymus (14). Occasionally,
the take-off of bronchial and intercostal arteries can have
small infundibula that may give the impression of a small pseu-
doaneurysm. Infundibula are typically conical in shape and the
artery can be seen at the apex of the outpouching. Ductus rem-
nants may present as either bumps or diverticula. Occasion-
ally, normal post-isthmic aortic dilatation (aortic spindle)
may be seen when viewed in the sagittal oblique plane. This
contour change is a normal ﬁnding and should not be misinter-
preted as an aortic injury.
In our institution, surgery was the treatment option for pa-
tients with ATAI before the availability of EVR. With the
introduction of EVR; MDCTA gained higher importance be-
cause it provides not only a rapid, reliable diagnosis but also
provides a roadmap for EVR. The diameter and length of
proximal landing zone, diameter of distal landing zone, and
length of injured segment are measured to select suitable stentdimensions. The relation to LSCA and possibility of coverage
is also determined. The optimum C-arm angle used during
intervention is predeﬁned on MDCTA so we can reduce radi-
ation exposure, contrast load and overall procedure time of
EVR. The access and pathway of the stent is veriﬁed by exam-
ining distal aorta, iliac and common femoral arteries (Fig. 8).
Other injuries like cerebral hemorrhage or other bleeding
sources are checked to avoid heparin during the procedure
or prioritize management actions. MDCTA was also utilized
in the follow up of patients after EVR.
In conclusion; MDCTA is considered an imaging modality
of choice for screening patients with potential ATAI as well as
Figure 7 This patient referred fromother hospital forEVR. 64-MDCTAdone for planning, (A&B) shows the superior pericardial recess (arrows)
simulatingmediastinalhematoma.Left rib fractureandhemothoraxarenoted. (C)3DVRshowssmoothaortic contour.Followupwasuneventful.
Figure 8 EVRplanning. (A) 2DMPCR shows diameter (D= 19 mm) and length (L= 8 mm) of proximal landing zone (segment between
red dashed lines), the LSCAwill be covered. CT scan is crucial in determining stent size and LSCA coverage before EVR. (B) Axial image at
proximal landing zone shows measurement of C-arm angle prior to EVR. It is the acute angle (A) between line 1 (bisects patient) and 2
(perpendicular to the ﬂow lumen which is represented by dashed red arrow). (C) Axial CT scan at pelvis shows post-traumatic stenosis of RT
external iliac artery, compared to left one (arrows). The right side is not a suitable access for delivery system of the stent.
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210 F. Elganayni et al.for other associated injuries. It is a quick, non invasive tech-
nique with high sensitivity and high negative predictive values.
It provides angiographic-like images that help avoid invasive
aortography and provides the roadmap for endovascular
repair.
References
(1) Holmes JH, Bloch RD, Hall RA, et al. Natural history of
traumatic rupture of the thoracic aorta managed nonoperatively:
a longitudinal analysis. Ann Thorac Surg 2002;73:1149–54.
(2) Steenburg SD, Ravenel JG. Acute traumatic thoracic aortic
injuries: experience with 64-MDCT. AJR 2008;191:1564–9.
(3) Dosios TJ, Salemis N, Angouras D, et al. Blunt and penetrating
trauma of the thoracic aorta and aortic arch branches: an autopsy
study. J Trauma 2000;49:696–703.
(4) Patel NH, Stephens KE, Mirvis SE, et al. Imaging of acute
thoracic aortic injury due to blunt trauma: a review. Radiology
1998;209:335–48.
(5) Steenburg SD, Ravenel JG, Ikonomidis JS, et al. Acute traumatic
aortic injury: imaging evaluation and management. Radiology
2008;248(3):748–62.
(6) Burkhart HM, Gomez GA, Jacobson LE, et al. Fatal blunt aortic
injuries: a review of 242 autopsy cases. J Trauma 2001;50:113–5.(7) Samett EJ, Siskin GP, Coombs BD, et al. Aortic trauma imaging,
Medscape 2011. http://www.emedicine.medscape.com/article/
416939-overview.
(8) Smith CB, Barrett TW, Berger CL, et al. Prediction of blunt
traumatic injury in high-acuity patients: bedside examination vs
computed tomography. Am J Emerg Med 2011;29(1):1–10.
(9) Dries DJ: Initial evaluation of the trauma patient. Medscape,
April, 2011. http://www.emedicine.medscape.com/article/434707-
overview#a1.
(10) Neal MD, Peitzman AB, Forsythe RM, et al. Over reliance on
computed tomography imaging in patients with severe abdom-
inal injury: is the delay worth the risk? J Trauma
2011;70(2):278–84.
(11) Melton SM, Kerby JD, McGifﬁn D, et al. The evolution of chest
computed tomography for the deﬁnitive diagnosis of blunt aortic
injury: a single-center experience. J Trauma 2004;56(2):243–50.
(12) Velmahos GC, Toutouzas KG, Radin R, et al. Nonoperative
treatment of blunt injury to solid abdominal organs: a prospective
study. Arch Surg. 2003;138(8):844–51.
(13) Maturen KE, Adusumilli S, Blane CE, et al. Contrast-enhanced
CT accurately detects hemorrhage in torso trauma: direct
comparison with angiography. J Trauma 2007;62(3):740–5.
(14) Dyer DS, Moore EE, Ilke DN, et al. Thoracic aortic injury: how
predictive is mechanism and is chest computed tomography a
reliable screening tool?––a prospective study of 1561 patients. J
Trauma 2000;48:673–82, discussion 682–3.
